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Results are presented of nitrogen input via bulk precipitation over a 
two-year period, to coastal fynbos vegetation occurring on soils of 
low nutrient status. The annual precipitation recorded during the 
study periods of 1980 -81 and 1981-82 was 381 mm and 466 mm 
respectively which was below the 40-year mean of 577 mm recorded 
for the area. Total nitrogen in put during 1980-81 was 1,99 kg N 
ha - 1 y- 1. Of this 1,12 kg N ha - 1 y - 1 was inorganic nitrogen in the 
form of N03-N and NH4-N. Inorganic N input occurred 
predominantly in the winter rainfall months of June to August. 
Inorganic N input during 1981-82 was 1,79 kg N ha - 1 y - 1 with an 
NH4-N to N03-N quotient of 1. Logarithmic relationships exist 
between N03-N and NH4-N concentrations in bulk precipitation and 
the volume of precipitation co llected at weekly intervals. Bulk 
precipitation col lectors at 1,5 m and 4 m were not suitable to 
determine the infuence of local recycling of dust aerosols. It is 
probable that although atmospheric N deposition may contribute a 
portion of the extra-system N, it alone is not sufficient to replenish 
N lost by coastal fynbos ecosystems as a result of recurrent short 
interval fires . Rather the low input of nitrogen to the Pella site 
reported gives an indication of the levels of N deposition to be 
expected in the fynbos region where N is derived mainly from 
oceanic sources and few anthropogenic activities influence 
precipitation composition. 
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Resultate van stikstoftoevoer deur massa-neerslag oor 'n twee-jaar-
tydperk aan kus-fynbos wat voorkom in grand arm aan 
voedingstowwe, word aangebied. Die jaarlikse neerslag aangeteken 
gedurende die studie-periodes van 1980-81 en 1981-82 was 381 
mm en 466 mm onderskeidelik en minder as die gemiddelde 577 
mm vir die area oor 40 jaar. Die totale stikstoftoevoer gedurende 
1980 -81 was 1,99 kg N ha- 1 j - 1. Hiervan was 1,12 kg N ha- 1 j - 1 
organiese stikstof in die vorm van N03-N en NH4-N. Anorganiese N-
toevoer het hoofsaaklik gedurende die nat maande van 
Junie - Augustus plaasgevind. Anorganiese N-toevoer gedurende 
1981-82 was 1,79 kg N ha- 1 j- 1 met 'n NH4-N tot N03-N-kwosient 
van 1. Logaritmiese verhoudings bestaan tussen N03-N- en NH4-N-
konsentrasies in massa-neerslag en die volume van neerslag wat 
met weeklikse tussenposes versamel is. Massaneerslag-versamelaars 
by 1,5 men 4 m was nie geskik om die invloed van plaaslike 
hergebruik van stat-aerosols te bepaal nie. Alhoewel atmosferiese N-
neerslag mag bydra tot die buite-sistemiese N, is dit by sigself 
onvoldoende om die N wat uit kusfynbos-ekosisteme verlore raak 
deur die gedurige korttermyn-voorkomste van brande, te vervang. Die 
redelik lae toevoeg ing van stikstof in die Pella-gebied gee 'n 
aanduiding van die stikstofvlakke wat verwag kan word in die 
fynbos-gebiede waar N hoofsaaklik van oseaan-bronne afhanklik is 
en min antropogeniese bedrywighede die samestelling van die 
neerslag bernvloed . 
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Introduction 
The nitrogen composition of atmospheric precipitation has 
received much attention in the past, and it is well known that 
combined nitrogen in precipitation consists of ammonia, 
nitrate, nitrite and organically bound nitrogen (Eriksson 1952; 
Jones 1960; Gore 1968). Hutchinson (1944) proposed that the 
combined N in precipitation originates from (a) the soil and 
the ocean, (b) from fixation of atmospheric nitrogen (elec-
trical, photochemical and in meteorite trails) and (c) from 
industrial contamination. 
The quantity of nitrogen brought into the soil via atmos-
pheric deposition is normally too small to be of significance 
in crop production. This nitrogen may nevertheless represent 
an important income to the nitrogen economy of undisturbed 
natural ecosystems on nutrient poor soils (Carlisle et al. I966; 
Allen et a/. I968; Christensen I973). Such an ecosystem is 
that found in the coastal fynbos of the winter rainfall region 
of the south-western Cape Province, South Africa, which 
occurs on acidic, sandy soils of low nutrient status. Nitrogen 
is in particularly low concentrations in this ecosystem where 
total N values range from 250 to 350 kg N ha- 1 at the soil 
surface (0-10 em) (Stock & Lewis I986). 
This paper describes the input of combined nitrogen from 
bulk precipitation to a coastal fynbos ecosystem at Pella, near 
Cape Town. It further describes an investigation of the local 
recycling of dust aerosols carried out by comparing the input 
of organic N to collectors situated at I ,5 m and 4 m above 
the soil surface. 
Study area 
The study of atmospheric deposition of nitrogen in bulk 
precipitation was carried ~mt at the Pella Fynbos Biome 
Intensive Study site (33°31'S: I8°32'E: area 269 ha) located 
at the Burgherspost Farm in the Malmesbury district of the 
Cape Province, South Africa. The vegetation of this mediter-
ranean climate zone is coastal fynbos dominated by evergreen 
sclerophyllous shrubs and Restionaceae. The oldest patches 
of vegetation are about 20 years old and are dominated by 
two members of the Proteaceae, Protea repens L. and P. 
burchellii Stapf. Other areas of the site were burnt in 1975 
and I980; the major species found in these locations are 
Leucospermum parile L., Phylica cephalantha Sond., Tham-
nochortus punctatus Pill. and Staberhoa distachya (Rottb.) 
(Brown et a/. I984). The average height of the vegetation 
canopy was approximately I m. The soil is yellow-brown, well 
drained, sandy and of aeolian origin with a depth of 2 m 
and a low nitrogen and phosphorus content (Mitchell et a/. 
I984; Stock & Lewis I986). 
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Materials and Methods 
Bulk precipitation samples (wet fall and dry fall) were collected · 
for analysis at weekly intervals from the Pella research site 
for the period June 1980 until June 1982. Precipitation was 
collected in five polythene funnels 16,8 em in diameter, each 
connected to a 2,5 I collecting bottle. The funnels were 
surrounded with metal spikes at 1 em intervals to prevent birds 
from perching, and were covered with a 1 mm2 fibre glass 
mesh to prevent contamination from insect and plant debris. 
The funnel was positioned 1 ,5 m above soil level; plant canopy 
height in the study area was 1 m. The funnels and bottles 
were thoroughly acid-washed and rinsed with chloroform and 
double deionized water before being placed in the field. To 
each collecting vessel 0,5 ml of a preservative solution was 
added (500 g ml -I mercuric chloride dissolved in IM HCI). 
The collecting vessels were sampled at weekly intervals and 
50 ml aliquots were removed for analysis. If no rainfall 
occurred, 30 mi of double deionized water ~as added to rinse 
the funnel and collecting bottle. This solution was then 
analysed for the soluble and total input from dryfall. The 
funnel and collecting vessels were washed with chloroform 
and two rinses of double deionized water after sample collec-
tion before they were returned to the field. Samples showing 
obvious signs of contamination by bird excrement or insects 
were discarded and the collecting equipment cleaned and 
replaced in the field. From June 1981 a further five collecting 
vessels were placed in the field 4 m above ground level to 
investigate the local recycling of dust aerosols. Sampling of 
these vessels occurred at weekly intervals in the same manner 
described for the 1 ,5 m collectors. All samples collected were 
stored at 4°C for 4 to 6 weeks until analysis. 
Nitrate was determined by the Szechrome NAS analytical 
reagent method (R & D Authority, Ben Gurion University 
of the Negev Applied Research Institute, Israel). To 0,5 ml 
of sample, 2,5 ml of Szechrome NAS reagent were added 
(prepared by adding 5 g of NAS reagent powder to 1 I of 
mixed equal volumes of concentrated phosphoric acid and 
sulphuric acid). The reaction mixture was agitated and colour 
development was read at 570 nm after 5 min. Nitrate samples 
were prepared in double deionized water in the range 0,2 g 
N ml- 1 to 1,5 g N ml- 1• Ammonium in precipitation was 
determined on a 3 ml sample volume by an indo-phenol blue 
procedure modified from Allen eta/. (1974) as described by 
Stock (1983). Ammonium standards were prepared in the 
range 0,1 g N ml - 1 to 1,5 g N ml- 1• Nitrite was determined 
on the samples taken during the first 3 months of the study 
but its estimation was discontinued thereafter as NOz-N was 
found to be present in only trace amounts. 
Total N precipitation was determined every 3 to 4 months 
(in the first year) on weekly samples bulked together in 
proportion to the rainfall volume. In weeks where less 
than 1 mm or no rainfall occurred 1 ml of collector rinse 
water was added. The bulked sample was divided into three 
aliquots and to each aliquot, 3 ml of concentrated (NH4-N-
free) AR HzS04 was added. Approximately 0,5 g of De-
varda's alloy was added to each of the three replicates to 
reduce N03-N to NH4-N and the samples were each eva-
porated down to 5 mi. This concentrate was then decanted 
into a Kjeldahl digestion tube and a selenium catalyst tablet 
containing KzS04 (BDH, Poole, UK) was added. After the 
remaining water had been driven off, a Kjeldahl digestion 
was carried out. Ammonium in the digest was determined 
by collection in 0,02 M HCI after alkalization of the digest 
with 500/o (w/v) NaOH. 
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Results 
The annual rainfall of the 1980- 81 and 1981 - 82 years was 
381 mm and 466 mm respectively (Table 1) and occurred pre-
dominantly in the winter months of June to August of both 
years studied (37, 1% and 45,2% for 1980- 8 I and 1981 - 82 
respectively) (Figure 1). Total nitrogen input was determined 
only for the I980- 8I year and amounted to 1,99 kg ha- 1 
(Table 1). Inorganic nitrogen, as N03-N and ~-N, account-
ed for 56% of the input for this period (1,12 kg ha -I) and the 
quotient of nitrate to ammonium was approximately I. In-
organic nitrogen input in the 1981 - 82 year was 1, 79 kg ha- 1, 
with an ammonium to nitrate quotient of 1 (Table 1). The 
seasonal distribution of nitrate and ammonium input differed 
between the years studied (Figure 2). In the 1980-81 year, 
greatest inputs of N03-N and N~-N were recorded in winter 
(33,4% and 40,4% respectively). The distribution of N03-N 
input for the remainder of the year was 3I,3%, 20,6% and 
14,7% for autumn, summer and spring respectively (Figure 2). 
Ammonium input for the 1980- 81 year followed the same 
seasonal pattern as nitrate, with 21,6%, 20,5% and I7,5% for 
autumn, summer and spring respectively (Figure 2). Nitrate 
input during the I981- 82 year was highest in autumn (42,I %) 
and lowest in winter (15,9%). Spring and summer N03-N input 
values were 25,7% and 16,3% respectively. Ammonium input 
for the 198I- 82 year was 35,0%, 25,2%, 2I ,4% and I8,4% 
for spring, autumn, winter and summer respectively. Logarith-
mic relationships exist between N03-N and N~-N concentra-
tions in bulk precipitation and the volume of precipitation 
collected at weekly intervals (Figure 3). The inorganic N input 
to collectors positioned at heights of I ,5 m and 4 m was ap-
proximately the same. A linear relationship between N03-N 
collected at 1,5 m and 4 m existed (y = 0,001 + l,I54x;? = 
0,95; n = 28). This was also the case with N~-N samples 
collected at 1,5 m and 4 m (y = 0,031 + 1,050x;? = 0,95; 
n = 28). 
Table 1 Annual rainfall and bulk precipitation inputs 
of total nitrogen, N03-N and NH4-N to a coastal fyn-
bos ecosystem at Pella, South Africa over a two-year 
period 
Annual rainfall 
(mm) 
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(kg N ha - 1 y- 1) 
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Figure 1 Monthly rainfall at Pella, South Africa, during the study 
period June 1980- May 1982. 
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Discussion 
Long-term measurements of precipitation conducted by the 
South African Department of Agriculture and Technical 
Services at the Burgherspost Farm (33°30'S: 18°32'E) (adjacent 
to the Pella site) show a mean annual rainfall of 577 mm. 
During the years studied (1980 - 82), we recorded below 
average rainfall values of 381 mm and 466 mm respectively 
with predominantly winter rainfall (Figure 1). 
Figure 2 Monthly input of inorganic nitrogen (nitrate + ammonium) 
in bulk precipitation at Pella, South Africa, from June 1980 - May 1982. 
The input of total nitrogen from bulk precipitation at Pella 
(1,99 kg ha - I y -I) reported in this paper is low when com-
pared with inputs to the higher rainfall heathland and upland 
peat ecosystems of the northern temperate latitudes (8, 7 -
19 kg N ha - I y- 1) (Carlisle eta/. 1966; Allen eta/. 1968; 
Gore 1968). Eriksson (1952) attributed the higher N inputs 
found in Europe to the heavy industrial activity found in that 
area. The closest large industrial area which might influence 
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Figure 3 Inorganic nitrogen concentration in bulk precipitation and weekly precipitation volume at Pella, South Africa (N<X -N, Figure 3A; 
NHt -N, Figure 3B). Weekly precipitation volumes were grouped into classes and the mean ± SE of each class calculated. The logarithmic 
curve fit for NHt-N and NQ--N was, Y = 0,55-0,14 Inx (r 2 = 0,92) andY= 0,79-0,21 Inx (r 2 = 0,90) respectively. 
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N input at Pella is situated at Cape Town, 62 km south of 
Pella. Possible inputs from this source require southerly winds 
which are infrequent as the prevailing winds in summer are 
south-easterlies, and in winter north-westerlies. 
The annual input of inorganic nitrogen, N03-N and Nl-4-N 
in bulk precipitation for the years studied showed an increase 
as the annual rainfall increased (Table 1). The annual input 
of inorganic N reported (1, 12- 1, 79 kg ha - 1 y- 1) was similar 
to the input recorded by Schlesinger et a/. (1982) in another 
mediterranean climate zone, namely Chaparral near Santa 
Barbara, California (I ,5 kg N ha - 1 y - 1). These inputs of N 
to mediterranean climate zones are low when compared with 
inorganic N inputs to the higher rainfall European heathland 
and peat ecosystems (4,5 -7,0 kg N ha - 1 y - 1) (Gore 1968; 
Allen eta/. 1968) and tropical rain forest ecosystems (14 kg 
N ha - 1 y - 1) (Servant eta/. 1984). Autumn and winter are 
the major seasons of inorganic N input and it would thus 
appear that the source of N contaminants is the South Atlantic 
Ocean, rather than terrestrial, as these seasons are charac-
terized by the oceanic, north-westerly rain-bearing winds. 
Brown et a/. (1984) have suggested that phosphorus input to 
this ecosystem is also likely to be from oceanic sources. Van 
Wyk (1982) found that in the mountain catchments of the 
south-western Cape, high concentrations of Na + and Cl -
indicated the relative importance of the sea as a source of 
dissolved nutrients in precipitation. 
The mediterranean climate and sandy soils of the study area 
give rise to long periods of soil drying followed by atmospheric 
suspension of soil dust by wind. This local source of atmos-
pheric N does not appear to influence N inputs to any great 
extent as the quotient of soil NH4-N to N03-N is approxi-
mately 2 (Stock & Lewis 1986) while the quotient of NH4-N 
to N03-N in the collectors over the two-year study period 
remained at 1. Furthermore, the location of collectors at 4 m 
(2,5 m higher into the ground level turbulence zone than the 
other collectors) did not reduce the input of N nor did the 
ratio of N03-N to Nl-4-N change. This lack of influence from 
local sources indicated the importance of long-range atmos-
pheric transport of particles from other environments. 
The logarithmic relationship between N03-N concentrations 
and weekly rainfall input, and NH4-N concentrations and 
weekly rainfall respectively (Figure 3) indicated that with 
rainfall volumes up to approximately 8 mm, N could have 
been derived from atmospheric particles being washed from 
the atmosphere at the onset of the precipitation event. When 
rainfall volumes were above 8 mm, N concentrations in bulk 
precipitation remained constant because the longer duration 
of the rain periods could have depleted the atmosphere of 
the N compounds being studied. 
Frequent fires are a characteristic feature of fynbos eco-
systems (Moll et a/. 1980) and losses of N by volatilization, 
surface runoff and dry erosion may deplete the system at a 
more rapid rate than it is replenished by atmospheric deposi-
tion and nitrogen-fixation. Van Wilgen and Le Maitre (1981) 
calculated from different aged fynbos stands (12 - 21 years 
old) that 20,4-158,5 kg N ha- 1 was released when the 
vegetation was burnt. From the results reported in this paper 
it can be estimated that if all N released by fynbos fires is 
lost to the ecosystem, atmospheric deposition, as the sole N 
source, would take between 10- 80 years to replace the 
nitrogen lost. This period is long<:;r than the interval between 
fires (Mollet a/. 1980). Therefore, although N deposition may 
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contribute a portion of the extra-system N increment, it alone 
is not sufficient to replace N lost as a result of recurrent short-
interval fires. 
The low input of organic and inorganic N to the Pella site 
reported in this paper gives an indication of the natural levels 
of N deposition to be expected in the fynbos region of the 
south-western Cape where N in bulk precipitation is derived 
mainly from oceanic sources and few anthropogenic influences 
alter precipitation composition. 
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